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Objective: To determine whether serum etonogestrel concentrations in contraceptive implant users are associ-
ated with certain individual patient characteristics.
Study design: We enrolled reproductive-age women using etonogestrel contraceptive implants between 12–36
months duration and measured a single serum etonogestrel concentration. Participants also completed a ques-
tionnaire about demographics.
Results:We enrolled 350 participants; median age was 22.5 years (range 18.0–39.1), median months of implant
use was 26.0 (range 12.0–36.0), andmedian bodymass indexwas 25.7 kg/m2 (range 18.5–52.0). Our study pop-
ulation was primarily white/Caucasian (46.6% [163/350]) and Hispanic/Latina ethnicity (51.4% [180/350]). The
median serum etonogestrel concentration was 137.4 pg/ml and etonogestrel concentrations varied 12.4 fold in
the population (range 55.8–695.1 pg/ml). Using forward stepwise linear regression, months of implant use
(β=−1.74, pb.001) and bodymass index (β=−3.10, pb.001) were both significantly associatedwith decreased
serum etonogestrel concentration with Black/African American race as a positive effect modifier (β=18.24, p=
.099); R-squared for the model=0.13.
Conclusions: Individuals demonstrated awide variability in serum etonogestrel concentrations, which can poten-
tially affect side-effect profiles and efficacy. Increasing bodymass index and longer duration of implant use were
associated with small decreases in serum etonogestrel concentrations, while self-reported Black/African
American race was associated with a non-significant increase. Despite these findings, most of etonogestrel vari-
ability was unaccounted for, suggesting that other clinical, pharmacologic, and genetic factors contributing to
variability in etonogestrel concentrations remain to be determined.
Implications: Although increases in body mass index are associated with lower etonogestrel levels in contracep-
tive implant users, the majority of women will maintain serum concentrations that consistently suppress ovula-
tion. Furthermore, certain patient characteristics can only explain a small portion (13%) of the variability in serum
etonogestrel levels among contraceptive implant users.
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1. Introduction

The etonogestrel (ENG) contraceptive implant (Nexplanon®, for-
merly Implanon®, Merck & Co., Whitehouse Station, NJ, USA) remains
the most efficacious long acting reversible contraceptive method avail-
able in theUnited States [1]. Use of this contraceptivemethod is increas-
ing, especially among young adults and adolescents where reported use
of the ENG contraceptive implant has more than tripled from 2006 to
2015 (0.6% vs. 3.0%, respectively) [2,3]. The ENG implant has a well-
described pharmacokinetic profile given its steady-state drug release
and relative plateau of serum values in an individual after the first
year of use [4,5]. However, wide variability exists in inter-individual
serum ENG concentrations among women using the ENG implant for
identical periods of time. McNicholas et al. measured serum ENG levels
in 157 women in the third year of contraceptive implant use and
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demonstrated a range of values from 63.8–802.6 pg/ml, a greater than
12-fold difference between the highest and lowest values [6]. Pharma-
cokinetic studies of other contraceptive methods, including combined
hormonal contraceptive pills, have demonstrated similar variability in
serum drug levels [7,8]. Although prior research has not demonstrated
an association between lower ENG levels and contraceptive efficacy in
a general population of implant users, serum drug level variability
may impact the efficacy of less effective hormonal contraceptive
methods (e.g. combined and progestin-only pills), which do not provide
continuous hormone release [6,9].

Prior studies have largely focused on the association of body mass
index (BMI) with variability in ENG pharmacokinetics, but often with
non-significant or even conflicting findings [6,10,11]. A cross-sectional,
descriptive study of 52 ENG implant users with at least 1 year of use
found no statistically significant difference between normal weight,
overweight, and obese participants [11]. In fact, both the overweight
and obese participants had highermedian ENG serum levelswhen com-
pared to the normal weight women (33.3% and 4.2% higher, respec-
tively) [11]. A larger prospective cohort study of 291 implant users
that followed women past 3 years of use found a significant difference
in serum ENG concentrations based on BMI [6]. This finding, however,
did not follow a linear trend as overweight participants had higher
serum ENG concentrations than both the normal weight and obese par-
ticipants at 4 years of use and there were no statistically significant dif-
ferences between normal weight, overweight, and obese participants at
3 and 5 years of implant use [6]. Median serum ENG concentration was,
however, consistently lowest in the obese group [6]. This unclear rela-
tionship between BMI and serum ENG concentrations is consistent
with the currently limited understanding of exactly howBMI affects ste-
roid hormone metabolism [12].

Given that medication efficacy may be associated with serum drug
levels, there is an urgent need to better understand the factors that con-
tribute to variability in serum hormone levels for women using hor-
monal contraception. The ENG contraceptive implant is an ideal
candidate for studies on variability in serum concentrations given its
steady-state drug release and independence from issues of protocol ad-
herence [1].We aimed to better characterize serum ENG concentrations
accounting for certain individual patient characteristics within a large
racially/ethnically diverse group of women. We hypothesized that age,
duration of implant use, BMI, race, and ethnicity would be associated
with serum ENG concentrations in contraceptive implant users and ac-
count for some of the known pharmacokinetic variability of this contra-
ceptive method.

2. Materials and methods

In this pharmacokinetic study, we recruited English or Spanish
speaking reproductive age women (18–45 years old) with an ENG con-
traceptive implant in place for at least 12 and nomore than 36 months.
We chose this duration of implant use for our inclusion criteria because
the ENG implant has a pharmacokinetic burst early in the first year of
use that then resolves to a relative steady-state for the remaining 2
years of use [4]. We chose 36 months as our upper enrollment limit
for duration of implant use as this is the current Food and Drug Admin-
istration approved duration of use [1]. We excluded women using any
medications or supplements that could impact serum ENG levels through
inhibition or induction of cytochrome P-450 (CYP) enzymes (specifically
CYP-3A4) [13].We also excludedwomenwith any reportedmedical con-
ditions that could impact baseline liver function (e.g., hepatitis, cirrhosis)
or a measured BMI less than 18.5 kg/m2, as low BMI has been associated
with abnormal metabolism. The protocol was approved by the Colorado
Multiple Institutional Review Board and all participants gave written in-
formed consent before study initiation.

For eligible participants, we determined the length of implant use by
participant report and confirmed presence of the implant by physical
exam. We excluded women who could not remember when they had
the implant placed, unless they had documentation of the date of inser-
tion. We then collected a single blood sample from each participant for
serum ENG concentration analysis. Participants then completed a ques-
tionnaire to obtain self-reported demographics.

For ENG analysis, the blood was allowed to clot for at least 10 min at
room temperature, was centrifuged, and then the serum stored in ali-
quots at −80°C. We shipped all de-identified frozen serum samples to
the Biomarkers Core Laboratory of the Irving Institute of Clinical and
Translational Research at Columbia University Medical Center (New
York City, NY). The samples underwent analysis using a previously val-
idated ultra-performance liquid chromatography tandem mass-
spectrometry (LC–MS) assay protocol [14]. We extracted ENG from
human serum samples using liquid–liquid extraction by mixing 500 μl
of serum samples spikedwith deuterated internal standard (D8-proges-
terone) with 7 ml of hexane/dichloromethane (3/2) [14]. We vortexed
the mixture for 10 min, centrifuged it, and then evaporated the organic
layer under nitrogen stream and resuspended it in 25% methanol. We
performed LC–MS analysis on an analytical platform comprising a triple
quadrupole Waters Xevo TQ-S (Waters, Milford, MA, USA) mass spec-
trometer equipped with an electrospray ionization source and inte-
grated with a Waters Acquity UPLC controlled by Mass Lynx Software
4.1 [14]. We performed chromatographic separation on a Waters C18
BEH column (BEH C18 1.7 μm, 2.1×50 mm) maintained 50°C with mo-
bile phases of water (solvent A) and acetonitrile (solvent B) containing
0.1% formic acid maintained at 600 μl/min [14]. We operated the mass
spectrometer under multiple reaction monitoring (MRM) mode with
positive electrospray ionization. For MRM, we utilized the following
transitions for quantitation: etonogestrel 325.2 N108.9, and D8-
Progesterone 323.2 N100.0. We performed peak integration and data
analysis with TargetLynx 4.1.We quantitated ENG by comparing the in-
tegrated peak areas of unknown against those of known amounts of pu-
rified standards [14].

Lower limit of quantification, defined as the level at which the resid-
ual of the calibration line is b20% of the expected concentration com-
bined with a signal to noise ratio N10, was determined to be 25 pg/ml.
We performed serumENG concentration quantification in three batches
at enrollment targets of 150, 250, and 350 participants. We included
three levels (low, medium and high) of quality controls along with a
study pool sample to assess the batch effect. The mean intra-assay pre-
cision for the assay was 3.2%. The inter-assay variability across the
batches assessed using the pool sample was 1.8%.

We used IBM SPSS™ version 24 statistical software for all statistical
analyses. We performed descriptive frequencies and conducted both
simple linear regression and multivariable linear regression to identify
predictors of serumENG concentrations. We chose the pertinent partic-
ipant characteristics/demographics of age, months of implant use, BMI,
race, and ethnicity as variables to create our linear regression model
based on the prior literature and plausible pharmacologic associations
[6,7,12]. We utilized information criterion to identify the best linear re-
gressionmodel using a forward step-wise approach.With a sample size
of 350, we had greater than 90% power to find an R2≥0.05 assuming an
alpha level of .05 and all five predictors in the multivariable linear re-
gression model [15].

3. Results

We recruited 350 participants over the course of 15 months (March
2016 to May 2017). Table 1 shows pertinent participant characteristics.
The median age of the participants was 22.5 years (range 18.0–39.1)
with a median duration of ENG implant use of 25.7 months (range
12–36). The participants had a median BMI of 25.7 kg/m2 (range
18.5–52.0). Using the National Institutes of Health categorization, less
than half of participants (43.8% [152/350]) were normal weight,
whereas 101 participants (29.1%)met criteria for overweight, 83 partic-
ipants (23.9%) for obesity, and 11 participants (3.2%) for extreme obe-
sity [16]. The most frequent self-reported race was White/Caucasian



Table 1
Summary characteristics of age, duration of implant use, and body-mass index for all 350
etonogestrel contraceptive implant users with self-reported race and ethnicity

Median (Range)

Age (years) 22.5 (18.0–39.1)
Months of implant use 26.0 (12.0–36.0)
BMI (kg/m2) 25.7 (18.5–52.0)

n (%)

Race
White/Caucasian 163 (46.6)
Black/African American 40 (11.4)
Asian/Pacific Islander 19 (5.4)
Native American/Alaskan 7 (2.0)
More than one 44 (12.6)
No response/Unknown 77 (22.0)

Ethnicity
Hispanic/Latina 180 (51.4)
Non-Hispanic 170 (48.6)

Table 2
Characteristics and demographics of participants with serum ENG concentrations less
than 90 pg/ml (N=36) and participants with serum ENG concentrations greater than or
equal to 90 pg/ml (N=314)

ENG b90 pg/ml
(n=36)

ENG ≥90 pg/ml
(n=314)

Median (Range) p
Age (years) 22.4 (19.1–30.8) 22.5 (18.0–39.1) .86⁎
Months of implant use 35.0 (15.0–36.0) 24.0 (12.0–36.0) b.001⁎
BMI (kg/m2) 29.2 (21.9–52.0) 25.3 (18.5–48.1) .022⁎
n (%)
BMI category± .01†

Normal weight 7 (19.4) 145 (46.6)
Overweight 13 (36.1) 88 (28.3)
Obesity 15 (41.7) 68 (21.9)
Extreme obesity 1 (2.8) 10 (3.2)
Race .50†

White/Caucasian 16 (44.4) 147 (46.8)
Black/African American 6 (16.7) 34 (10.8)
Asian/Pacific Islander 1 (2.8) 18 (5.7)
Native American/Alaskan 0 (0.0) 7 (2.2)
More than one 7 (19.4) 37 (11.8)
No response/Unknown 6 (16.7) 71 (22.6)
Ethnicity .86†

Hispanic/Latina 19 (52.8) 161 (51.3)
Non-Hispanic 17 (47.2) 153 (48.7)

⁎ Independent-samples median test.
† Pearson's chi-squared test.
± BMI categories defined using the National Institute of Health classifications [16].
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(46.6% [163/350]) and 51.4% (180/350) of participants reported His-
panic/Latina ethnicity. Among the 77 participants who responded
with “No response/Unknown” in relation to self-identified race, all iden-
tified their ethnicity as “Hispanic/Latina.”

The median ENG serum concentration was 137.4 pg/ml (range
55.8–695.1); Fig. 1 demonstrates the distribution of serumENG concen-
trationswith an interquartile range of 63.5 pg/ml. There were 36 partic-
ipants (10.3%) with ENG levels less than 90 pg/ml, which is the
manufacturer's reported minimum serum concentration for consistent
prevention of ovulation [1]. Table 2 shows the pertinent characteristics
of participants with serum ENG concentrations less than 90 pg/ml com-
pared to the rest of the cohort. Participants with ENG concentrations
less than 90 pg/ml had a longer median duration of implant use and
higher median BMI compared to all other participants (pb.001 and
p=.022, respectively). Both groups were similar in self-reported race
and ethnicity and no participants had contraceptive implant failures at
the time of enrollment.

Three variables of interest had statistically significant associations
with serum ENG concentrations when we performed simple linear re-
gression: months of implant use (β=−1.87, pb.001), BMI (β=−3.24,
pb.001), and Black/African American race (β=23.84, p=.043). Table 3
Fig. 1. Box-plot of serum etonogestrel (ENG) concentrations for all 350 participants. The
box represents the first and third quartiles (interquartile range=63.5 pg/ml) with the
band inside the box representing the median (137.4 pg/ml). Whiskers represent the
data within 1.5 interquartile range of the upper and lower quartile.
provides the results from the forward stepwise linear regression; the
final model had an R-squared of 0.13. Months of implant use (β=
−1.74, pb.001) and BMI (β=−3.10, pb.001) demonstrated slight nega-
tive correlations with serum ENG concentrations (see Figs. 2 and 3 re-
spectively). For every 1 month of implant use past the first 12 months
the serum ENG concentrations declined on average by 1.74 pg/ml, and
for every 1 kg/m2 increase in BMI the serum ENG concentrations de-
creased on average by 3.1 pg/ml. Self-reported Black/African American
race still demonstrated a large positive correlationwith serumENG con-
centrations (β=18.24, p=.099), but this association was not statisti-
cally significant.

4. Discussion

In this large and diverse group of subdermal ENG implant users, we
found a 12.4-fold difference between the minimum and maximum
serum ENG concentrations, which is consistent with variability seen in
prior investigations [6,11,12]. We found two participant characteristics
associatedwith decreases in ENG serumconcentrations: duration of im-
plant use and BMI. Prior smaller studies have demonstrated that serum
ENG concentrations reach a relative steady state after the first year of
use in ENG contraceptive implant users with only a slight downward
trend thereafter [4]. Our large study of 350 participants confirms this
finding and reaffirms that the decline between 12 and 36 months,
while statistically significant, is small and not clinically concerning
given that the vast majority of contraceptive implant users would not
fall below the level for consistent ovulatory suppression (90 pg/ml)
solely based on duration of implant use.

Much attention has focused on whether BMI affects the efficacy of
the ENG contraceptive implant. We found that for every 1 kg/m2
Table 3
β-Coefficients and 95% confidence intervals for variables in the final linear regression
model

Variable β-Coefficient 95% CI p

Months of implant use −1.74 −2.51, −0.97 b.001
BMI (kg/m2) −3.10 −4.27, −1.93 b.001
Black/African American race 18.24 −3.48, 39.96 .099

Image of Fig. 1


Fig. 2. Scatterplot of etonogestrel (ENG) serum concentrations based on months of
contraceptive implant use. Line of best fit denoted by solid black line. The dotted line
marks serum ENG concentration of 90 pg/ml.
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increase in BMI, serum ENG concentrations decreased by 3.10 pg/ml.
These data differ from the findings of smaller cohorts by Morrell et al.
and McNicholas et al., who found no significant association between
BMI and serum ENG concentrations and only a positive association be-
tween overweight women and serum ENG concentrations [6,11].
Though statistically significant, this association between increasing
BMI and lower serum ENG concentrations also likely has limited clinical
significance. Given themedian serum ENG concentration in our popula-
tion and those reported previously, the effect of BMI was not significant
enough in the majority of patients to cause the ENG concentration to
drop below 90 pg/ml. Furthermore, the clinical cut-off of 90 pg/ml is as-
sociated with lack of consistent ovulatory suppression with the contra-
ceptive implant, but theminimum serum ENG concentration needed to
maintain contraceptive efficacy by other progestin effects has not yet
been determined [1].

Though self-reported Black/African American race initially appeared
to be significantly associated with serum ENG concentrations, this asso-
ciationwas ultimately not statistically significant in thefinalmodel. This
finding may have been in-part due to the inaccuracy of self-reported
race when compared to actual genetic ancestry [17]. Self-reported
Fig. 3. Scatterplot of etonogestrel (ENG) serum concentrations based on body mass index
(BMI) (kg/m2). Line of best fit denoted by solid black line. The dotted line marks serum
ENG concentration of 90 pg/ml.
race becomes even less useful in populations of increased admixture in-
cluding Hispanic/Latina populations. Mexican Americans have been
found to have up to 3% African ancestry as compared to Puerto Ricans
who have up to 16% African ancestry [17]. Given the prevalence of His-
panic/Latina ethnicity in our study population, self-reported race may
not have accurately reflected the true genetic ancestry of our partici-
pants. Thus, the imprecision of self-reported race/ethnicity may have
contributed to the overall lack of significant associations with serum
ENG concentrations in our final model.

The major strength of this study was the size and diversity of our
cohort of ENG implant users. With this large sample size, we were
able to detect significant associations between patient characteristics
and serum ENG concentrations. By analyzing a medication with a
controlled-release rate and steady-state pharmacokinetics, we were
able to efficiently capture each individual's pharmacokinetic profile
with only a single ENG measurement during the relative steady-state
period between 12 and 36 months [1,4]. Our study population was
also relatively youngwith amedian age of 22.5 years and only 18 partic-
ipants over the age of 30 years. This age group represents a time of rel-
atively normal physiologicalmetabolism as compared to the developing
metabolism in childhood/adolescence and the alteredmetabolism asso-
ciated with advanced age [18]. Thus, the findings of this study were less
likely to be confounded by age-related changes in drug metabolism.
This age group is also representative of the general population of ENG
implant users who are typically younger women [3].

The primary limitation of our study was that we did not measure all
possible patient characteristics that may impact serum ENG concentra-
tions, but rather focused on variables identified in the previous studies
and self-reported race/ethnicity. We also used self-reported duration of
implant use, which may not have been entirely accurate for all partici-
pants. We attempted to control for these potential recall errors by mea-
suring duration in months, which allowed for a larger margin of error as
compared to measuring in weeks or days. Another limitation is that we
only obtained a single serum ENG concentration for each participant.
However, previously publishedpharmacokinetic studies of the contracep-
tive implant have shown that it reaches a relative steady-state of serum
ENG concentration in an individual roughly after the first 12 months of
use, making a single measurement appropriate in this setting [1,4].

Individual participant characteristics that were captured in this
study explained only a small portion of the variability seen in the me-
tabolism of the ENG steroid hormone. Investigating novel areas of inter-
individual differences (e.g. genetics, depth/location of implant,
microbiomes) may help to account for some of the pharmacokinetic
variability in both serum ENG levels and other sex steroid hormones
used in hormonal contraception. By identifying such novel interindivid-
ual differences associatedwith alteredmetabolism of steroid hormones,
precision medicine clinical tools may lead to improved patient counsel-
ing regarding steroid hormone efficacy and side-effects. Given how fre-
quently steroid hormones are used by women throughout their
lifetimes, it is imperative that we gain a better understanding of how in-
dividual patient characteristics, including genetic variants, can impact
the pharmacology and functionality of these medications.
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